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In mammals, hair follicles undergo periods of
growth and quiescence. During active growth,
melanocytes situated within hair follicles syn-
thesize granules of melanin pigment which they
deposit in epithelial cells later incorporated into
developing hair shafts. When hair follicles are
quiescent, melanocytes do not synthesize pig-
ment, generally are unpigmented, and are diffi-
cult to identify on histological examination (1, 2).
The mechanisms regulating rates of melanin
formation by follicular melanocytes and re-
stricting its synthesis to periods of active hair
growth are largely uncharacterized. Melanin
synthesis in vivo is thought to begin with the
tyrosinase-catalyzed oxidation of tyrosine to
dihydroxyphenylalanine (DOPA) which, in turn,
may undergo both enzymatic and autoxidative
conversion to melanin (3).
Previous studies of epidermal melanocytes have
demonstrated that aqueous extracts of human
and rabbit skin are powerful inhibitors of melanin
formation in vitro, acting on both tyrosinase and
the autoxidation of DOPA (4, 5, 6). It has been
suggested that the antimelanogenic factor is
sulfhydryl in nature and inhibits melanin forma-
tion by binding copper known to be part of the
prosthetic group on the enzyme tyrosinase and a
catalyst of DOPA autoxidation (5, 7). The present
study on melanin formation, utilizing DOPA
autoxidation in vitro as a model system, was
undertaken for a three-fold purpose: 1) to de-
termine the influence of hair growth on inhibitors
of melanogenesis extractable from skin of albino
and pigmented mice; 2) to clarify the distribu-
tion of antioxidants within human and mouse
skin; 3) in view of conflicting reports (6, 5), to
characterize further the chemical nature of these
inhibitors. Such information is important not only
for its relevance to the control of melanin forma-
tion but also because of the recent interest shown
in the general role antioxidants may play in
metabolic processes of both normal and cancer
cells (9).
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METHODs
Samples of human skin were removed from
scalp and abdominal regions of white adult
cadavers at autopsy and stored at —20° C. until
used.' Prior to complete thawing of scalp speci-
mens, the bulk of hair was removed by clippiDg
and the skin divided into two layers by free hand
section; the "epidermal" layer, approximately
0.5 mm. in thickness, consisted of the epidermis
and superficial dermis; the "dermal" layer con-
tained most of the dermis and epidermal ap-
pendages but did not include the panniculus
carnosus muscle. The specimens of abdominal
skin were sufficiently large to obtain pure epi-
dermis employing the method of Baumberger et
at. (10); following removal of the subcutaneous
fat by scraping, the skin was placed corium down
on a warming stage at 50° C. and within a few
minutes the epidermis was easily stripped off.
In this manner, abdominal skin was divided into
three components, epidermis, subcutaneous fat
and dermis containing epidermal appendages.
Adult mice, 2 to 4 months old, of the Strong
A, PBR, and C3H strains provided the source of
skin for the study on hair growth. Hair growth
was induced by plucking of hair from the entire
dorsum of each mouse (11). Skin samples with all
hair follicles in active growth (anagen stage) were
obtained by sacrificing mice 12 days following
plucking. The skin of mice sacrificed 22 days
post-plucking, approximately 3 days after com-
pletion of the hair growth cycle, contained ooly
resting (telogen stage) hair follicles (1). Following
removal of the subpannicular fat, all specimens
of mouse skin were divided into two components
by scraping the visceral surfaces with a scalpel.
During active hair growth, it was found that the
"scrapings" included the muscle layer, adipose
layer and hair bulbs. The "scraped skin" con-
tained the epidermis, more compact dermis and
remaining epidermal appendages. In skin speci-
mens with resting hair follicles, all epidermal
tissue remained with the "scraped skin" and the
"scrapings" contained the muscle and adipose
layers.
'Except where specifically indicated, skin
samples were from cancer patients at Roswell
Park Memorial Institute. For comparative
purposes, a limited number of autopsy specimens
of skin from non-cancer patients were provided
through the courtesy of the Pathology De-
partment of Buffalo General Hospital.
309
310 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
All fractions of human and mouse skin prepared
in the manner described above were weighed and
then rapidly frozen and thawed several times
on dry ice to aid in softening the tissues. The
specimens were then minced with scissors and
suspended in a volume of water (double glass
distilled water used throughout) sufficient to
provide 50 or 100 mg. of wet weight of tissue per
ml. of diluent. After homogenization in a chilled
Potter-Elvehjem or Ten Broeck homogenizer, the
tissue extracts were stored at —20° C. On thawing,
extracts were centrifuged at 12,800 g for 15 mm.
at 00 C., the supernatants removed by decantation
and a volume of supernatant equivalent to 50
mg. of wet weight of tissue was tested for inhibi-
tion of DOPA autoxidation. For each skin extract
a dry weight determination was made by drying
an aliquot to a constant weight at 60° C. An
initial ratio of 50 mg. of wet weight of tissue per
ml. of water, after extraction, resulted in the
addition of 1 to 3 mg. of tissue derivatives to the
test system.
The test system consisted of 1 ml. 5 X 10°
M l-3,4-dihydroxyphenylalanine (DOPA), 3 ml.
0.05 M KH2-Na2H phosphate buffer (pH 7.4),
0.1 ml. 1.6 X 10 M CuSO4, brought to a final
volume of 5.1 ml. by addition of water or skin
extract. All reactions were carried out in cali-
brated test tubes (15 x 125 mm.) which were
shaken initially to mix the reagents and left
unshaken thereafter. The tubes were incubated
at 37° C. in an oven and the progress of melanin
formation followed by taking hourly readings on
a Klett-Summerson colorimeter with a 1(5-42
(blue) filter. Inhibition of DOPA autoxidation
by skin samples was determined at the fourth
hour of incubation according to the formula:
% Inhibition = X 100
where r, = colorimeter reading of tube containing
extract and r,, = colorimeter reading of control
tube (6, 12).
Heat stability was determined by testing the
inhibitory activity of skin extracts placed in a
boiling water bath for 10 to 20 mm. Similarly
tested were skin extracts (6 ml. per sample)
dialyzed against 4 liters of distilled water
(8—12° C.) which was stirred constantly and
changed once during the 48 hr. period. IJndialyzed
aliquots of skin extract stored in test tubes and
placed in the water baths for the period of dialysis
served as controls. The effects of copper concen-
tration and sulfhydryl antagonists (p-chloro-
mercuribenzoic acid, iodoacetamide and iodoso-
benzoic acid) on inhibition by skin extracts were
determined as indicated below.
RESULTS
Typical DOPA autoxidation curves are shown
in Fig. 1. DOPA solutions lacking added copper,
after an initial lag phase during the first 3 to 4
hours of incubation, darkened at approximately
the same rate as those containing added copper.
As illustrated, in certain tubes containing skin
extract the inhibition of DOPA autoxidation
departed from linearity at about the fourth hour.
For this reason, all percentages of inhibition were
based on experimental and control values of the
fourth hourly reading.
The effects of hair growth status on the inhibi-
tion of DOPA autoxidation by extracts of mouse
skin are summarized in Table I. In Strong A
(albino) mice, regardless of hair growth activity,
all skin extracts produced quantitatively similar
results, inhibiting melanin formation of the order
of 35%/mg. of tissue extract. Skin extracts from
PBR mice, a pigmented strain (pink-eyed brown
non-agouti), were inhibitory when hair follicles
were resting and yielded results comparable to
those obtained with Strong A mice. However,
when hair follicles were growing, the "scrapings"
enhanced DOPA autoxidation as indicated by
the negative value of inhibition. Extracts of
"scraped skin" also showed reduced inhibitory
activity. Since active tyrosinase has been demon-
strated in anagen hair follicles and may have
masked inhibitors of DOPA autoxidation, ex-
tracts of "scrapings" were placed in a bath of
boiling water for 10 minutes. Following such
treatment, extracts which formerly enhanced
melanin formation brought abont a marked inhi-
bition (Table I).
Extracts of human scalp yielded values of inhi-
bition similar to those obtained for mouse skin
(Table II); as may be seen, the values of inhibi-
tion were comparable whether the scalp specimens
were obtained from persons dead of cancer or
from other causes. Pure epidermis, dermis and
subcutaneous fat from abdominal skin inhibited
DOPA autoxidation. Extracts of abdominal
epidermis were, however, less active than those
of scalp; abdominal corium specimens produced
less inhibition than extracts obtained from any
other source. One specimen each of abdominal
dermis and subcutaneous fat failed entirely to
inhibit melanin formation.
The effects of heat treatment and sulfhydryl
antagonists on skin extracts are summarized in
Table III. Approximately a 50% loss in inhibitory
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FIG. 1. Effect of skin extracts on dopa autoxidation; standard concentration of DOPA and final
cupric ion concentration as indicated.
TABLE I
Effect of hair growth cycle on inhibition of DOPA autoxidation by extracts of mouse skin
Strain
Hair Growing (Anagen VI)
Scraped skin 33.8 + 0.5 (4)* 22.5 + 1.9 (6)
Scrapings 36.8 5.5 (4) —16.3 1.2 (6) 29.3 3.3 (6)
Hair Resting (Telogen)
Scraped skin 35.2 5.6 (3) 40.6 4.0 (6)
Scrapings 31.1 2.9 (4) 38.1 + 2.3 (5)
* Average % inhibition/mg. dry weight of tissue extract standard error of the mean based on the
number of independent determinations indicated in brackets using skin from 3 mice per analysis.
activity occurred after skin extracts were main-
tamed at 1000 C. for 20 minutes. No further loss
in inhibitory activity was noted when this period
was extended to 30 minutes. Extracts of mouse
diaphragm prepared in the manner described for
skin markedly inhibited DOPA autoxidation,
strongly suggesting that inhibitory substances
obtained from "scrapings" of mouse skin at least
in part were derived from the panniculus carnosus
muscle. Boiling of diaphragm extracts resulted in
approximately a 65% loss in inhibitory activity,
somewhat higher than that obtained for similar
treatment of mouse skin.
Sulfhydryl antagonists although combating
the inhibition of DOPA autoxidation by skin ex-
tracts never completely abolished it (Table III).
The inhibitory activity of unboiled skin extracts
is apparently reversible by sulfhydryl antagonists
to a maximum of about 70%; approximately 80%
reversal was obtained with extracts of mouse
S DOPA+3.1xI06 MCu
5——— — —I DOPA+3,IxIO6MCu+Skin Extract No.t(Mouse)
0——— —o DOPA+3.Ix 10.6 MCu+Skin Extract No.2(Mouse)
ODOPA
II
-0- — -
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diaphragm. As may be seen in Table III, the
inhibition of DOPA autoxidation by boiled ex-
tracts of skin was little affected by sulfhydryl
reageats. In experiments involving the addition
of as much as 40 mg. of iodoaeetamide to the test
system combined with dilution of skin extracts
it was not possible to reverse completely the in-
hibition of melanin formation. These findings
suggest that the inhibitory factor extractable
from human and mouse skin and also from mouse
diaphragm is composed of compounds which
may be divided into at least two major groups:
TABLE II
Inhibition of DOPA autoxidation by extracts of
human skin
Source of Autopsy Specimens
Cancer patients Non-caorer patients
Scalp
Epidermis.
Dermis....
Abdomen
Epidermis.
Dermis....
Subcut.
Fat
35.6 2.3 (12)*
37.0 2.2 (14)
26.1 2.0 (8)
10.9 2.2 (9)
26.9 6.0 (8)
32.7 3.1 (5)
37.1 7.0 (5)
* Average % inhibition/mg. dry weight of
tissue extract standard error of the mean
based on number of independent determinations
indicated in brackets using one skin specimen
per analysis.
those heat-labile and sulfhydryl, and those heat-
stable and non-sulfhydryl in nature. Dialysis of
skin extracts for 48 hours demonstrated that a
considerable amount of the inhibitor from both
human and mouse skin is nondialyzable. Specific
inhibitory activities (% inhibition/mg. dry
weight of tissue extract) of dialyzed extracts
were found to be equal to and in some cases
greater than those of control samples. For exam-
ple, in a representative experiment, dialyzed
extracts of human scalp and mouse skin yielded
specific activities of 33.2% and 61.7% respec-
tively compared with control values of 25.2%
and 25.4%.
The concentration of cupric ion strikingly in-
fluenced the inhibition of DOPA autoxidation by
skin extracts (Fig. 2). With a standard amount
of skin extract, it was found that inhibitory
activity decreased rapidly with increasing
amounts of cupric ions when the final concentra-
tion exceeded 3.1 x 10 M. At the two highest
concentrations of cupric ion tested not only was
inhibition lacking in tubes containing skin extract
but instead an enhancement of melanogenesis
was observed. Similar trends were observed for
extracts of both human and mouse skin. When
copper concentration was kept constant and con-
centration of skin extract varied, a marked reduc-
tion in the inhibition paralleled increasing dilu-
tion of skin extracts (Fig. 3). A five-fold dilution
of both human and mouse skin extracts resulted
in a loss of inhibitory activity of about 80%.
TABLE III
Effect of sulfhydryl antagonists and heat treatment on inhibition of DOPA autoxidation by tissue extracts
% Inhibition/Mg. Dry weight Tissue Exteact % Reduction of Inhibition
by Boiling
Ijnbsiled Boiled
Human Scalp
H. S. + 0.1 mg. PCMBA
H. S. + 0.1 mg. IBA
Mouse Skin (A, C3H)
M. S. + 0.1 mg. PCMBA
Mouse Diaphragm (A, C3H)
M. D. + 0.1 mg. POMBA
M. D. + 0.1 mg. IBA
33.5 2.3 (10)*
14.9 2.0 (4)
19.2 1.0 (6)
35.7 3.0 (5)
15.8 1.3 (5)
57.0 5.8 (5)
8.2 1.1 (3)
11.3 2.9 (2)
13.9 + 1.1 (10)
13.7 2.3 (4)
15.2 2.8 (6)
17.5 1.6 (5)
14.7 1.7 (5)
19.4 1.9 (5)
13.6 2.2 (3)
12.5 1.7 (2)
56.3 4.9 (10)
50.0 + 4.9 (5)
65.7 1.5 (5)
* Mean its standard error based on number of independent determinations indicated in brackets
using pooled extracts. Boiled skin extracts maintained at 100°C. for 20 minutes. Note: PCMBA =
p-chloromercuribenzoic acid, and IBA = iodosohenzoic acid.
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FIG. 2. Effect of copper concentration on inhibition of DOPA autoxidation. Values expressed as %
inhibition/mg. dry weight of tissue extract. Each curve represents the average of two closely corre-
sponding independent determinations.
RELATIVE CONCENTRATION OF SKIN EXTRACT
FIG. 3. Effect of concentration of skin extract on inhibition of DOPA autoxidation. Inhibition by
undiluted extract expressed as 100% and means standard errors are plotted based on 4 and 2 inde-
pendent determinations for human and mouse skin respectively.
DISCUSSION like sulfhydryl compounds which were counter-
It has been reported previously that the inhi- acted by cupric ions and p-chloromercuribenzoic
bition of DOPA autoxidation produced by aque- acid" (6). Our findings on human and mouse skin
ous extracts of human epidermis and rabbit skin clearly indicate the inhibitory factor to be more
was "due to heat-stable, dialyzable, non-protein- complex, consisting of at least two fractions, one
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is sulfhydryl in nature and heat-labile; a second
is non-sulfhydryl and heat-stable. That proteins
in skin extracts are associated with the inhibition
is suggested by results of dialysis and heat inac-
tivation studies and by preliminary experiments
with triehioroacetic acid. Magnin and Rothman
(8), utilizing manometric techniques, demon-
strated that sulfhydryl groups could account for
only 60—70% of the inhibition produced by ex-
tracts of human epidermis on a tyrosine-tyrosi-
nase test system. This conclusion is an approxi-
mate agreement with similar estimates in the
present study based on the ability of sulfhydryl
reagents to reverse inhibition of DOPA autoxida-
tion by skin extracts. It is of interest to note that
inhibitors of DOPA oxidation extracted from a
variety of organs other than skin are fully effec-
tive in the presence of sulfhydryl antagonists
(13, 14). In the present study, extracts of mouse
diaphragm corresponded to those of mouse skin
in having a sulfhydryl component associated
with the inhibitor. It would appear that tumor
tissues from mice and blood plasma from cancer
patients are less effective than normal tissues or
normal plasma in retarding DOPA oxidation
(15, 16). Our findings showed no significant dif-
ference between the inhibitory activity of ex-
tracts of scalp skin from patients dead of cancer
or from other causes. The influence of skin tumor
extracts on inhibition of DOPA oxidation remains
to be determined.
Although the mechanism of inhibition of DOPA
oxidation by tissue extracts is not clearly estab-
lished, such inhibitors may act by binding euprie
or other catalytically active metal ions into
catalytically inert complexes (5, 13, 16) and by a
direct suppressive effect on the oxidation of
DOPA or its oxidative products (16, 17). The
binding of copper by skin extracts would explain
the complete inhibition of DOPA autoxidation
observed at low concentrations of euprie ions
(Fig. 2) and suggests that the reversal of inhibi-
tion paralleling increasing euprie ion concentra-
tion resulted when the amount of euprie ions
present exceeded the number of binding sites. No
explanation can be given for the enhancement of
melanin formation by skin extracts when copper
was at a concentration of 3.1 x 10 or 3.1 x
10 M. However, Monder et at. (18) have ob-
served a similar phenomenon demonstrating that
whereas plasma proteins inhibit DOPA oxidation
measured manometrieally, plasma protein-copper
complexes under certain conditions enhance
melanin formation.
It is difficult to evaluate the role inhibitors of
DOPA autoxidation may play in the regulation
of melanin synthesis in vivo. In albino mice, such
inhibitors do not cycle in concentration parallel-
ing changing status of hair growth. In pigmented
mice, extracts of skin with growing hair proved
to be significantly less inhibitory than those from
skin with resting hair. However, the enhance-
ment of melanin synthesis observed with skin
extracts containing growing hair follicles ap-
parently resulted from tyrosinase released from
hair bulbs (19, 20) and not from the absence of
DOPA antioxidants. Heat treatment of such
extracts removed the "enhancing" factor (pre-
sumably tyrosinase) and revealed the presence of
antimelanogenie factor(s) (Table I). Since heat
treatment of skin extracts also partially macti-
yates inhibitors of DOPA autoxidntion, it was
not possible to estimate accurately the amount
of inhibitor in skin with growing pigmented hair
follicles. Thus, the possibility of cyclic variation
of the concentration of these substances in skin
of pigmented mice remains unsettled. However,
the presence of DOPA antioxidants during active
hair growth suggests that inhibitors may regulate
rates of melanin synthesis by combining with
copper associated with tyrosinase and/or by
direct action on the oxidative derivatives of
tyrosine. Although such a conclusion appears
reasonable since skin extracts have been shown
to inhibit both DOPA autoxidation and tyrosi-
nase in vitro (4, 21), it must be regarded as tenta-
tive until more information is available concern-
ing the precise localization of antioxidants within
follicular melanoeytes.
It is noteworthy that inhibitors of DOPA oxi-
dation are similar in concentration in both human
and mouse skin and apparently are not restricted
to one skin component. Hirsch (15) demon-
strated DOPA antioxidants in a variety of normal
and neoplastie tissues and has suggested that
tissue antioxidants "are part of a mechanism
protecting the cell against autoxidation and for-
mation of free radicals, carcinogens, cellular
mutagens, and other reactive compounds which
may be produced inside the living cell". Thus,
inhibitors of DOPA oxidation, in addition to
playing a role in the regulation of melanin forma-
tion within skin, may also be part of a more
general system which regulates a variety of types
of biological oxidations.
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SUMMARY
Aqueous extracts of human and mouse skin
were tested for inhibitory action on autoxidation
of l-DOPA to melanin in vitro. Regardless of
status of hair growth all extracts of skin from
albino (Strong A) mice inhibited dopa oxidation.
Skin extracts from pigmented (PBR) mice were
inhibitory when hair was resting and when hair
bulbs were excluded from skin samples with
growing hair. Extracts of skin which included
pigmented growing hair follicles enhanced mela-
nin formation, presumably owing to release of
tyrosinase from hair bulbs. Following heat inac-
tivation of tyrosinase, "enhancing" extracts
inhibited melanin synthesis. Extracts of scalp
and abdominal skin from human cadavers were
inhibitory. With the exception of human ab-
dominal eorium, values obtained for melanogenie
inhibition of human and mouse skin were similar
when expressed as a function of dry weight of
tissue extract. The inhibitory factor in both
human and mouse skin is at least in part non-
dialyzable and consists of no less than two frac-
tions; one apparently sulfhydryl in nature and
heat-labile, and another non-sulfhydryl and
heat-stable. Such inhibitors would appear to be
important in regulating rates of melanin forma-
tion in vivo and also as part of a general system
of biological antioxidants.
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